Abstract-Furfural was prepared from corn cobs available locally in this study. The process consisted of crushed corn cobs, sulfuric acid and salt mixture. The mixture was heated to about 120 o C for about 2 hours to extract furfural water solution from the mixture. From the furfural water system, furfural was extracted by using ether. Ether extracted furfural from the furfural water system. As ether has low boiling point so furfural could be recovered from ether by simply heating the solution to about 33 o C. Results suggest that percentage yield of furfural could be increased by increasing the concentration of sulfuric acid.
I. INTRODUCTION
Furfural was first discovered in 1821 by a German scientist Dobereiner. Emmett in 1832 observed that most vegetable substances could be a source of furfural.
Stenhous in 1840 made the empirical formula, C 5 H 4 O 2 of furfural and found the resin-forming tendency of furfural. The boiling point was found to be 168 o C and specific gravity 1.10`06 at 27 o C. Later on, Stenhous discovered the nature of vegetative materials that could be a source of furfural after treatment with sulphuric acid. German Chemist Carl Harries suggested furfural's structure.
However, use of furfural remained scarse until 1922, then the Quaker Oats Company started mass-production of oat hulls from it.
Today, production of furfural is done by agricultural byproducts like sugarcane bagasse and corn cobs. The Dominican Republic, South Africa and China are the main countries producing furfural today.
A number of plants have the polysaccharide hemicellulose which is a polymer of sugar along with five carbon atoms. On reaction with sulfuric acid, this hemicellulose hydrolysis to produce xylose.
In the presence of same operating environment of heat and acid, xylose along with other five carbon sugars dehydrate and release three water molecules to produce furfural: to produce furfural. However, it depends upon the type of feedstock. Furfural along with water evaporate forming the reaction mixture. The separation could be done using condensation.
Furfural also known as (2-furfural aldehydes, furfural, 2-Furan Carboxaldehyde, furfuraldehyde, fural) is the principal member of five membered heterocyclic compounds called -furans‖ which are characterized by an unsaturated ring of four carbon atom and one oxygen atom. Its chemical formula is OC4H3CHO: [1] - [3] .
Furfural behavior in chemical reactions is similar to other aldehydes and aromatics. This shows its diminished aromaticity with regards to benzene. Furfural can be easily hydrogenated to the corresponding tetrahydrofuran derivatives.
If heated above 250 °C, furfural gives furan and carbon monoxide. However, it behaves explosively sometimes if heated in the presence of acids.
Furfural is a chemical feedstock and has properties of being renewable and non-petroleum based. Furfural on hydrogenation gives furfuryl alcohol (FA).
FA is proved to be a very important chemical intermediate. It is further hydrogenated to produce tetrahydrofurfuryl alcohol (THFA).
THFA is being employed to be a nonhazardous solvent for various agricultural formulations. It is used to help herbicides in penetrating the leaf structure.
Furfural is also used to produce various furan chemicals, such as furoic acid,and furan. This is done by palladium catalyzed vapor phase decarbonylation.
The residue produced after the removal of furfural is lignocellulosic which could be used for the generations of steam which is used in the furfural plant.
This could further be used for the co-generation of electricity, cattle feed, activated carbon and fertilizer. It is being used widely as glue extender in the industry of North American board.
The natural sources of Furfural are Rice Husk, Corn Cobs and Bagasse. Yield of Furfural on Selected Raw Material on the basis of % weight of Raw Material per day is given in Table I . Most of the Mills are willing to provide free of charge, but considering the low depravity of material, the transportation and storage cost cover a large portion of the delivered price. An ideal arrangement should be to locate the plant next to the rice mill.
A. Rice Husk

B. Corn Cobs
The yield of furfural from corncob is the highest and this makes corncob a desirable raw material. Corncob is the central part of maize. It is the ear part on which the kernels are grown. The ear of corn plant can also be taken as a "cob".
Baby corn can be used as the raw material. However, as the plant grows, the cob turns to be more tough and then only the kernels can be edible.
During the harvesting of corn, the corncob could be collected as part of the ear. However, it could be left as part of the corn stover. The innerside of the cob is white and looks similar to foam plastic.
C. Bagasse
Bagasse is used as fuel in sugar mills, and in some cases for the manufacture of paper and hard board. As sugar cane production in Pakistan is large so bagasse is available in abundant quantity.
Moreover, the availability of bagasse as a raw material for the production of furfural can be increased by using gas fired boiler in sugar mills.
The storage of bagasse is difficult and expensive so furfural unit should be located near a sugar mill. Five-tons/day furfural production requires 30-tons/day bagasse, which is available from 200-tons/day sugar cane.
There are about 70 sugar mills in Pakistan and in almost all of these mills, bagasse is used as boiler fuel. Using the bagasse as a raw material for the production of furfural could be very attractive as furfural is a high cost organic chemical. The conventional processes for the production of furfural include:
Agrifurnace Process. Super phosphate, phosphoric acid as a catalyst is used.
1) Quaker Oats process
Sulphuric acid is used as a catalyst.
2) SAVO process
It does not require a separate catalyst. In all these processes, reaction takes place at elevated pressures and involves digestion using superheated steam. As a result, furfural flashes out from the reactor with steam.
The mixture of furfural and steam is condensed to produce dilute solution from which furfural may be recovered by fractional or vacuum distillation.
The savo process is the simplest of all and need less maintenance and has trouble free operation characteristics. The raw materials used in the preparation of furfural could be Non Pentosans or Pentosans [4] - [6] .
Cellulose and polyuronic acids could be converted to furfural under suitable conditions. These are non pentosans materials. In the case of cellulose, the conversion to furfural takes place via glucuronic acid.
Pectin which is now regarded as poly uronic acid could also produce furfural under similar conditions. The uronic acid is readily decarboxylated on boiling and pentose, xylon or arabinose is formed.
Another material that can be converted into furfural is ascorbic acid boiled with hydrochloric ascorbic acid and gives a quantitative determination of furfural.
The conversion of pentosans to furfural takes place in two steps. 1) Hydrolysis of Pentosans to Pentoses: Pentosans in hemicelluloses is hydrolyzed with dilute mineral acids at relatively low temperature to pentosans liquor. A major 75% of these pentosans is readily hydrolysable to pentoses. 2) Conversion of Pentosans to Furfural: The formation of furfural from pentoses is an ordinary process of dehydration with the elimination of three molecules of water. Furfural has rather high order of stability towards heat in the absence of catalyst and oxygen. The initial decomposition temperature has been found to be 565 °C for a contact period of 20 seconds.
In commercial terms, the most important intermediary derived from furfural is furfural alcohol (FA).
This Furfural alcohol primarily used to make furan resins, but it may also be converted into tetra hydro furfuryl alcohol (THFA) [7] , [8] .
II. MATERIALS AND METHODS
The following steps are involved for the production of furfural at laboratory scale: 
This long tube was then connected to the condenser in which cold water is flowing to condense the vapors of Furfural.
The vapors of furfural were then collected in a collecting flask. Heating media used was an electric heater and the temperature was set at 120 0 C. For all the samples, the weight (Corn cobs) to volume (H 2 SO 4 ) ratio was set to be 1:5. Volume of the solution was set to be 750ml. The time of heating was fixed at 125 min.
C. Extraction
Furfural could be extracted from water using solvent extraction method employing ether as a solvent. After extraction the upper layer would contain furfural and ether and the lower layer would contain water. Furfural could be separated from the upper layer by evaporating ether.
III. RESULTS AND DISCUSSIONS
Four Samples with different concentration of acid were prepared.
Sample 1:
Weight of corn cobs=150g, Percentage of H 2 SO 4 =5%, Volume of H 2 SO 4 =38 ml, Volume of water=712 ml Salt taken=150g, Total sample collected=120 ml Addition of Ether=120 ml, Upper layer=78 ml, Lower layer=162 ml After evaporation the weight of furfural obtained= 2.3%.
Sample 2:
Weight of corn cobs=150g, Percentage of H 2 SO 4 =10%, Volume of H 2 SO 4 =77 ml, Volume of water=673 ml Salt taken=150g, Total sample collected=150 ml Addition of Ether=120 ml, Upper layer=110 ml , Lower layer=160 ml After evaporation the weight of furfural obtained= 4.6% Sample 3:
Weight of corn cobs=150g, Percentage of H 2 SO 4 =15%, Volume of H 2 SO 4 =115 ml, Volume of water=635 ml Salt taken=150g, Total sample collected=210 ml, Addition of Ether=120 ml, Upper layer=130 ml, Lower layer=200 ml, After evaporation the weight of furfural obtained= 7.6% Sample 4:
Weight of corn cobs=150g, Percentage of H 2 SO 4 =20%, Volume of H 2 SO 4 =153 ml, Volume of water=597 ml Salt taken=150g, Total sample collected=425 ml Addition of Ether=120 ml, Upper layer=190 ml, Lower layer=355 ml After evaporation the weight of furfural obtained= 8.3%
The following two tests for the confirmation of the sample of furfural were performed
A. Molisch's Test
Molisch's test is named after the name of Austrian botanist Hans Molisch. This test is used to confirm the presence of carbohydrates. This results from the dehydration of the carbohydrate in the presence of sulfuric acid or hydrochloric acid to produce an aldehyde. This further condenses to two molecules of phenol which is usually red-or purple in colour
B. Bial's Test
Bial's test is a chemical test to find the occurrence of pentoses. It's name is after the name of Manfred Bial, a German Physician. It includes orcinol, hydrochloric acid, and ferric chloride. If pentose is present, it will be converted to furfural which further reacts with the orcinol to produce a bluish colored precipitate [9] , [10] .
The results so obtained are shown in the Table II 
IV. CONCLUSION
Furfural yield increases rapidly with increase in the concentration of acid up to 15%. However, when acid concentration is increased to 20%, the yield slightly decreases because at this concentration of acid, it becomes very difficult to isolate furfural produced in liquid phase by the standard method of laboratory separation i.e. solvent extraction using ether.
The factors upon which the yield of furfural depends are Acid/Solid (volume to weight Ratio), Temperature, Time of digestion and Pressure.
